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INTRODUCTION

The need within the aerospace industry to requalify hardware that has exceeded its nominal design
life is being partially addressed by the development of techniques to periodically inspect hardware for
material changes such as corrosion. In many instances, access is limited to one side of the component
under test, and the most common inspection method involves using the signature of ultrasonic pulses
reflected at normal incidence from a backwall. However, often this technique is not sensitive to the
minor corrosion-induced surface changes that can cause disbonds at a bond interface or prevent the
sealing of an O-ring. To cope with this problem, an alternate technique is being studied where the
ultrasonic pulse is directed at an oblique angle, and the monitored signal is that scattered directly back
to the transducer by surface imperfections on the backwall. The basic principle and the application of
this technique to two cases of flight hardware inspection are discussed herein.

PRINCIPLE

The simple concept underlying the technique is illustrated schematically in Figure 1. The probing
beam is directed off the normal of the surface to be inspected. If the surface is unblemished, then
most of the sound energy is forward-scattered, and little or no signal is backscattered to the trans-
ducer. If the surface or interface is nonuniform, such as caused by pitting, then a greater amount of
sound energy is backscattered and detected by the transducer. In Figure 2, the signals from a rela-
tively smooth, grit-blasted surface with and without a ~15 mil Electric Discharge Machined (EDM)
pit are plotted. The backscattered signal from the pit is dramatically larger. Pits of less than 2 mil are
detectable with this technique.
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Figure 1. Backscatter technique principle.
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Figure 2. The backscattered signal from the single pit is dramatically larger than
from the unpitted grit blasted surface.

CASE STUDY I - BONDLINE INSPECTION

The backscatter technique was applied in two different types of inspections of solid rocket motors. In
the first case, the inaccessible surface was a bondline between an aluminum polar boss and a filled
rubber insulator, which is shown in Figure 3. Concerns were raised regarding the integrity of the
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Figure 3. A schematic showing a cross-section of the interface and the inspec-
tion hardware set-up.




flight hardware, which had aged beyond the original qualification period, after corrosion was found in
sectioned hardware from an aged, scrapped motor case. The backscatter ultrasonic inspection for cor-
rosion was implemented as a part of the requalification process. The region of interest in the inspec-
tion was the from the aluminum-insulator interface for the first 1.8 in. from the inner diameter for the
entire 360°. A standard scan recorded the signal at seven positions along the 1.8 in. for every degree,
j.e., a7 x 360 grid. The rf signals were digitally recorded and post-processed for analysis.

The hardware geometry required scanning the transducer on the inner surface of the boss; a surface
that is perpendicular to the aluminum-insulator interface. The signal path varies as the transducer is
scanned at a given degree. A sliding gate and Distance Amplitude Correction (DAC) were used to
process the data. The attenuation constant for the DAC was taken from pre-recorded data measured
on a laboratory sample of similar material and from measurements on a calibration standard at the
time of inspection. Both sets of data, plotted in Figure 4, are in good agreement. The value of 17.4
Np/m was used for the DAC.

An example of a C-scan plot of the processed data is shown in Figure 5. In the upper C-scan, the data
is plotted one pixel for each data point. The lower C-scan is a plot of the same data interpolated to a
finer grid to aid in visualizing patterns. The data was normalized such that a value of 4 corresponded
to a reportable indication level. No reportable indications were found in this piece of hardware.
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Figure 4. The attenuation constant of 17.4 Np/m used for DAC was extracted
from lab measurements and calibration data.
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Figure 5. Example of C-scan plots of the ultrasonic data after gating, peak
detection, DAC and normalization.

CASE STUDY II - INTERNAL SURFACE INSPECTION

Aging concerns were raised about solid rocket motors remaining stacked for extended time periods at
humid, coastal launch sites. Following a destack, corrosion was found in joint regions; see Figure 6.
The concern for corrosion causing inadequate O-ring sealing resulted in the contractor implementing
an ultrasonic backscatter technique to periodically inspect stacked vehicles. Unlike the previous case,
the inaccessible surface to be inspected was an interior surface rather than a bondline. The geometry
constraints required the design and manufacture of a custom transducer wedge by co-author

M. C. Gregory.

Parallel studies of the corrosion mechanisms and corrosion detectability were undertaken in collabo-
ration with metallurgists. Samples were prepared and exposed in representative corrosive environ-
ments. In addition to metallurgical analysis, the samples were ultrasonically inspected to build an
experience database. In Figure 7, a comparison of visible corrosion and an ultrasonic scan for one
sample is presented. The laboratory ultrasonic scanning system is shown in Figure 8. The sample had
been heat treated (hardened to Rc42), and the surface grounded flat and grit blasted. A rusted condi-
tion was produced by 20 days exposure in a humidity chamber maintained at 90% relative humidity at
40° C. The resultant corrosion shows up as dark indications in the video image to the left of Figure 7.
The lower right spot was grit blasted to remove a portion of the corrosion. There is good correlation
between the visible corrosion and the high ultrasonic amplitudes exhibited in the C-scan on the right
of Figure 7. Some preliminary data has indicated that the O-ring grease and O-ring may have some
effect on the ultrasonic signal amplitudes. This is currently under investigation.
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Figure 6. Sketch of a solid rocket motor joint region. Corrosion was found on
destacked hardware in the vicinity of the O-ring sealing surface.

Figure 7. Comparison of visible corrosion and an ultrasonic C-scan. On the left
is an optical image of a corroded D6AC steel sample, and on the right is an
ultrasonic C-scan of the same sample. The C-scan data was taken with the appa-
ratus depicted in Fig. 8. In Fig. 8, the corroded surface is opposite the surface
scanned.




Figure 8. Sketch of a laboratory ultrasonic scanning system.

CONCLUSION

The backscatter ultrasonic technique is a valuable tool to detect corrosion on inaccessible surfaces.
As was demonstrated in the two cases discussed, the technique is relatively simple in concept and

simple to implement in practice. Further work is currently in progress to explore the sensitivity to
surface conditions and capabilities of detecting unbonds at interfaces.
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